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FOREWORD 


The  work  described  in  this  memorandum  vas  authorized  under  Edgevood 
Arsenal  Work  Request  dumber  6-672 -01,  dated  15  December  1954  from  the 
Directorate  of  Engineering  and  Industrial  Cervices  to  the  Director  of 
Medical  Research,  and  it  vas  performed  under  Project  No.  1C 522301A079, 
Non-Defense  Medical  Aspects  of  Chemical  Agents  (u).  The  work  vas  started 
in  December  1954  and  completed  in  January  lpo5* 

In  conducting  the  research  described  in  this  report,  the  in¬ 
vestigators  adhered  to  the  "Trine 'ales  of  Laboratory  Aniral  Cfure" 
as  established  by  the  National  Society  for  Medical  Research. 

Notices 

This  memorandum  is  issued  for  temporary  or  limited  use  only  suid 
it  cay  be  sup-rsen^d. 

Reproduction  of  this  document  in  vhole  or  part  is  prohibited  except 
with  permission  of  the  originating  agency. 

The  information  in  this  document  has  not  been  oleered  for  relep.se 
to  the  general  public . 


Disclaimer  ‘ 

The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorized 
documents . 

Disposition 

When  this  document  has  served  its  purpose,  DESTROY  it.  DO  NOT 
return  it  to  US  Army  Edgevood  Arsenal  Chemical  Research  and  Development 
Laboratories. 
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TOXr.  OLOGICAL  EVALUATION  OF  THE  CONTENTS  OF  ROCKY  MOUNTAIN 
ARSENAL  WASTE  LAKES  F  AND  F-l 


I INTRODUCTION. 

The  object  of  this  study  vas  to  determine  the  levels  of  toxicity 
of  the  liquids  and  solids  of  the  Rocky  Mountain  Arsenal  Waste  Lakes  F  and 
F-l.  This  study  vas  requested  by  the  Directorate  of  Engineering  and 
Industrial  Services  following  evaluation  of  reports  received  from  operating 
personnel  of  Rocky  Mountain  Arsenal  that  mallard  ducks  died  after  alighting 
on  Lakes  F  and  F-l,  and  rabbits  had  been  found  dead  along  their  banks. 

These  events  indicated  that  a  toxicity  evaluation  of  the  contents  of  the 
two  lakes  vas  required  to  determine  their  potential  hazard  to  migrating 
wildfowl  and  local  game . 

II.  EXPERIMENTAL  PROCEDURE. 


A .  Materials . 

Representative  samples  of  the  liquid  and  solid  contents  of  both 
Lake  F  and  Lake  F-l  were  received  from  Rocky  Mountain  Arsenal  during  the 
month  of  January  19£>5<  The  materials  were  shipped  in  polyethylene -lined 
steel  drums  to  prevent  reaction  of  the  contents  with  the  containers. 

Three  hundred  gallons  of  the  liquid  from  each  lake  and  100  gallons  of  the 
solids  from  each  lake  were  included  in  the  shipment. 

B.  Laboratory  Studies . 

The  ocular  and  cutaneous  effects  of  the  four  test  materials  were 
determined  in  rabbits.  The  intragastne  effects  were  determined  in  rabbits', 
rats,  and  mallard  ducks  that  were  deprived  of  food  for  24  hr:  before  dosing. 
Selection  of  these  routes  of  administration  was  based  on  the  possible  types 
of  contamination  that  woul<^  be  expected  in  vjildlife  entering  the  lake  areas. 
The  rat  was  included  because  extensive  data  are  available  on  that  species 
relative  to  organophospnate  toxicity,  and  to  provide  a  second  rodent  species 
f  for  comparison  with  the  rabbit. 

I 

;  The  maximum  ocular  and  cutaneous  dosages  that  could  be  contained 

i  at  the  sites  of  administration  were  0.5  and  5*0  grc,  respectively,  of  the  raw 

:  material.  Intragastric  doses  of  75  gm/kg  in  the  rabbit,  40  gra/kg  in  the 

i  rat,  and  50  gm/kg  in  the  mallard  duck  were  found  to  be  the  maximum  volumes 

j  of  liquid  that  could  be  administered  without  exceeding  the  individual  gut 

capacities.  Under  normal  circumstances,  th  ;se  dosages  are  probably  greater 
than  a  roving  animal  or  transient  duck  might  pick  up  during  a  single 
exposure  to  the  lake  materials . 
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I  — 


Ilia  intragastric  doses  of  the  solids  of  Lakes  F 
diluted'  with,  distilled  water.  The  volume  of  the  voter  and 
the  injection  apparatus  and  stomach  tube  was  less  than  'lie 
intragastric  doses  of- Lakes  F  and  F-l  liquids  administered 
species  tested. 


and  F-l  were 
the  v?.  shings  of 
volume  of  the 
to  the  three 


All  animals  were  held  for  7  days  after  dosing  and  observed 
for  any  local  or  systemic  toxic  responses. 

Gross  pathological  examinations  were  performed  on  a  representative 
number  of  each  species  from  every  dose  levc-1  at  the  end  of  the  observation 
period  and  on  all  animals  that  died  during  the  observation  period.  Brain 
cholinesterase  activity  of  those  ducks  that  lied  was  also  determined. 


C.  Field  Studies . 


This  portion  of  the  study  was  performed  in  three  phases. 

1 .  Phase  One . 

Outdoor  holding  pens,  with  adjacent  tanks  containing  mixture of 
Lake  F  or  Lake  F-l  liquids  and  solids,  were  constructed  for  the  exposures 
of  the  test  animals.  These  were  so  designed  that  the  duck:,  would  be  held 
in  a  dry  uncontaminated  area  until  driven  into  the  exposur  2  t  anh' .  For 
experimental  purposes,  the  exposures  were  carried  out-  side  by  side  to 
compare  the  effects  of  the  materials  from  both  likes  on  equal  numbers  of  ducks 
of  both  sexes  at  the  same  air  and  liquid  temperatures.  Imi-eiiataly  before 
exposure,  a  group  of  three  male  and  three  f**mVLe  ducks  v?.-  r/j.xoed  in  each 
holding  pen,  the  pen  doors  were  opened,  and.  the  animals  v.-.vs  driven  into  the 
tanks  containing  the  two  mixtures  and  pigeon  fec-d.  By  this  mnlwy.l,  three 
groups  were  exposed  to  Lake  F  materials  for  15,  k?}  and  111  vie.  end  throe 
groups  to  Lake  F-l  materials  for  15,  15,  and  Co  min.  All  •viranl-  ^cre 
held  for  7  days  post-exposure  and  observed  for  ary  local  or  syi-T  vn.ic 
toxic  responses.  A  representative  number  of  survivors  from  each  group  were 
sacrificed  for  gross  pathological  examination  at  J'bc  end  of  the  observation 
period.  All  animals  that  died  during  the  observation  period  arc  also 
autopsied. 


2.  Phase  Two. 

In  Phase  One  of  the  field  studies,  the  ducts  wore  forced  into 
the  exposure  tanks.  Phase  Two  tests  were  performed  tc  ascertain  whether 
ducks  would  enter  the  tanks  without  coercion.  One  male  and  cr.c  ic.nolc  <Jv*ck 
were  placed  ii  cacltof  the  two' holding  areas,  with .  the',  .tank  access  doors 
open, -and  allowed 'to  move  about.  The  times  to' entry  by  she  individual 
animals  into  the  Tanks  were  recorded. 
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3-  Phase  Three . 


Two  groups  of  one  male  and  one  female  duck  were  exposed  to  the 
liquids  only  of  Lakes  F  or  F-l  in  the  same  manner  as  was  used  in  Phase  One. 
Pigeon  feed  was  throw  in  the  tanks.  The  exposure  time  for  both  groups  vas 
2  hx;  the  tests  were  carried  out  simultaneously  to  compare  the  animals' 
responses  under  identical  conditions  of  air  and  liquid  temperatures .  The 
same  observation  period  and  autopsy  protocol  were  followed  ns  in  Fhese  One. 

III.  RESULTS. 

A.  Laboratory  Studi.es. 

The  resxiLts  of  the  ocular,  cutaneous,  and  intragastric  studies 
ore  shown  in  Table  1.  These  tests  showed  that  doses  of  0.1  and  0.5  gn/ eye 
of  Lakes  F  and  F-l  waters  and  solids  had  no  effect  on  the  rabbit  eye. 

There  were  no  signs  of  systemic  toxicity  during  the  7 -day  observation’ 
period,  and  no  gross  pathological  changes  were  seen  on  autopsy. 

Topical  application  of  1.0  and  5*0  gm  of  Lakes  F  nd  F-l  waters 
and  solids  to  the  backs  of  freshly  clipped  rabbits  produced  no  skin 
irritation  or  any  sign  of  systemic  toxicity.  Gross  pathological  examina¬ 
tions  of  the  contaminated  skin  areas  showed  no  remarkable  changes.  Skin 
texture  and  re-growth'of  the  hair  were  normal. 

Intragastric  doses  (50  and  75  gm/k S  in  the  rabbit,  20  and  4C  gm/kg 
in  the  rat,  and  25  and  50  g m/kg  in  the  duck)  of  Lake  F  liquids  produced  no 
deaths  or  any  sign  of  systemic  toxicity.  Fathological  examinations  showed 
no  changes  from  normal  in  the  animals  selected  to  be  sacrificed  on  the 
seventh  day. 

* 

The  intragastric  LD50  for  Lake  F  solids  in  the  rabbit  was 
determined  to  be  1.8  ( 1.03-3*1)  gm/kg.  In  the  rat,  clones  of  2.0,  4.0, 
and  6.0  gm/kg  produced  one  death  In  six  animals  at  the  6.0  gn/kg  dose. 

In  the  mallard  duck,  doses  of  3*0,  4.0,  6.0,  and  8.0  gm/kg  produced  one 
death  in  the  fc/ur  ducks  receiving  a  dose  of  4.0  gm/kg  and  in  one  of  four 
ducks  receiving  a  dose  of  8.0  gm/kg.  These  data  indicate  that  the 
intragastric  LD50  for  the  mallard  duck  is  more  than  8.0  gm/kg  and  for  the 
rat  is  more  than  6.0  gm/kg. 

Intragastric  doses  of  75  gm/kg  of  Luxe  F-l  liquids  produced  no 
deaths  in  the  six  rabbits  tested,  but  one  of  six  rabbits  died  after 
receiving  a  dose  of  50  gm/kg.  This  death  occurred  within  1  hr  after  dosing. 
The  animal  exhibited  no  signs  of  systemic  toxicity.  Death  could  not  be 
directly  attributed  to  the  test  material  and  may  have  been  caused  by  In¬ 
advertently  placing  a  portion  of  the  intragastric  dose  in  the  trachea.  One 
of  six  rats  given  40  gm/kg  died.  Dosages  of  25  and  50  gm/kg  in  the  mallard 
duck  produced  no  deaths  or  signs  of  systemic  toxicity. 
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each  animal 


The  intragastric  LD^O’s  Tor  I.ake  P-1  solids  in  the  rabbit,  rat,  and 
mallard  duck' were  determined  to  be  0. 34  (0.27-0.43),  0L17  (0.11-0.27)*  and 
0.14  (0.08-0.25)  cm/kg,  respectively. 

The  rabbits,  rats,  and  ducks  dosed  intragastricalD y  with  Lakes  F 
and  P-1  solids  exhibited  typical  symptoms  of  anticholinesterase  poisoning. 

All  deaths  occurred  within  12  hr  after  dosing.  Measurements  of  the  brain 
cholinesterase  activity  in  ducks  that  died  showed  decreases  of  between  85rp 
and  9O/0.  These  results  indicate  that  the  cause  of  death  in  this  species 
could  be  directly  attributed  to  organophosphates  or  other  cholinesterase 
inhibitors  present  in  the  solids.  The  duck  was  the  only  species  tested  for 
cholinesterase  activity.  No  other  pathological  changes  were  seen  in  the 
three  species  tested. 

A  probit  analysis  (method  of  Bliss*)  of  the  intragastric  responses 
in  the  three  species  tested  is  shown  in  Table  2. 

B.  Field  Studies. 

1.  Phase  One . 

The  results  of  Phase  One  are  shown  in  Table  3* 

Ducks  exposed  to  the  mixture  of  Lake  F  liquids  and  solids  appeared 
normal  for  30  min  after  entering  the  tank.  After  this  time,  all  animals  appear¬ 
ed  to  be  irritated  and  'struggled  violently.  It  was  noted  that  their  feathers 
had  become  wet  and  the  increased  weight  was  forcing  the  birds  under  the 
surface.  Toxic  signs  exhibited  postexposure  were  typical  of  those  caused  by 
anticholinesterase  compounds,  with  vigorous  convulsions  occurring  immediately 
before  death.  All  birds  in  the  groups  exposed  for  ?  or  120  min  died.  The* 
group  exposed  for  15  min  did  not  become  irritated  nor  struggle  to  leave  the 
tank.  The  average  time  to  death  of  the  5  ducks  that  died  following  this 
exposure  was  approximately  three  times  longer  than  that  recorded  fox  the 
45 -min  group. 

Those  ducks  exposed  to  the  Lake  F-l  materials  for  15  and  60  min 
showed  signs  of  irritation  after  2  min.  Wetting  of  their  feathers  and  severe 
irritation  occurred  at  this  time,  causing  them  to  struggle  violently.  The 
average  times  tc  death  of  the  three  exposure  groups  was  2  hr  as  compared  with 
24  hr  for  the  Lake  F  exposure  groups.  Gross  signs  of  poisoning  were  typical 
of  those  caused  by  anticholinesterase  compounds. 


*  Bliss,  C.I.  The  Statistics  of  Bioassay.  Academic  Press,  Inc., 
New  York.  1952- 
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TABLE  3 

J 

MORTALITY  RESPONSE  OF  MALLARD  DUCK  EXPOSED  TO 


MIXTURES  OF  LAKE  F  and  F-I  WATERS  AND  SOLIDS 


Material  !  Exnosare  time  |  Mortality  fraction 


Timas  to  death 


rr* 


Ilecropsi'es  conducted  on  a  representative  number  of  animals  *  rom  the 
groups  exposed  to  the  two  materials  revealed  no  abnormalities.  However,  based 
on  the  symptoms  of  poisoning,  the  cause  of  death  could  be  attributed  to  organo- 
phosphate  or  other  anticholinesterase  poisons.  Brain  cholinesterase  levels 
were  no't  determined. 

2 .  Phase  Two. 

The  average  time  to  entry  of  the  two  ducks  into  the  Lake  F  mixture 
was  5  “in.)  ana  for  the  Lake  F-l  mixture,  6  hr.  The  two  animals  in  each  group 
were  removed  from  the  tanks  immediately  after  entry. 

3 .  Phase  Three . 

Within  15  min,  the  feathers  of  the  ducks  exposed  to  Lake  F-l  liquids 
alone  had  begun  to  wet;  both  animals  had  difficulty  in  staying  afloat.  After 
30  rain  this  same  condition  was  seen  in  the  ducks  exposed  to  Lake  F  liquids. 

At  the  end  of  the  2-hr  exposure  period,  both  of  the  exposed  animals  in  each 
group 'were  thoroughly  wet  but  showed  no  signs  of  irritation  or  toxicity.  It 
was  noted  that  the  wetting  of  the  feathers  was  much  less  in  animals  exposed 
to  the  liquids  than  to  mixtures  of  the  liquids  and  solids.  It  appeared 
doubtful,  however,  that  the  ducks  from  either  group  could  have  flown.  After 
removal  from  the  tanks,  both  groups  appeared  normal.  No  latent  Signs  of 
toxicity,  irritation,  or  damage  to  the  plumage  were  observed  during  a  7-&ay 
observation  period, 

IV.  DISCUSSION. 

A,  Laboratory  Studies. 

The  waters  and  solids  of  Lakes  F  and  F-l  were  found  to  be  innocuous  ■* 
to  the  rabbit  by  the  ocular  and  percutaneous  routes  of  administration.  Doses 
used  were  the  maximum  quantities  tnat  could  be  contained  at  the  site  of  ad¬ 
ministration  and  are  considered  to  be  at  least  as  much  as  wild  game  would 
accidentally  pick  up  along  the  lake  shores.  | 

!•  .tragastric  doses  of  the  waters  of  Lakes  F  and  F-l  produced  no  ^ 

toxic  responses  in  any  of  the  three  species  tested  that  could  be  attributed 
to  systemic  poisoning.  i 

i 

The  solids  of  Lake  F  can  be  considered  to  range  from  moderately  to 
slightly  toxic*  by  the  intragastric  route  in  the  three  species  tested.  These  ! 

materials  are  in  the  toxicity  category  of  lysol  and  most  household  soaps.  I 

By  comparison,  it  is  at  least  1000,  2000,  and  40,000  times  less  toxic,  respec-  j 

lively,  than  hydrocyanic  acid,  GB,  and  VX.  These  values  are  based  on  average  j 

rabbit  and  rat  intragastric  LD50  values  and  do  not  include  the  duck.  \ 

i 

-  j 

*  Gleason,  M.N.,  Gosselin,  R.E.,  and  Hodge,  H.C.,  Clinical  Toxicology  of  f 

■  Commercial  Products,  Acute  Poisoning  (Home  and  Farm).  Williams  and  \ 

Wilkins  Co.,  Baltimore.  1957*  ,  , 

i 
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The  solids  of  Lc-ice  F-l  can  be  classed  as  being  very  toxic  by  the 
intragas trie  route  in  the  three  species  tested.  An  average  of  these  LD^O 
values,  or  220  mg/kg,  would  place  the  material  in  the  toxicity  category  of 
DDT  and  Dieldrin.  It  is  approximately  50,  100,  and  2000  times  less  toxic 
than  hydrocyanic  acid,  GB,  said  VX,  respectively,  based  on  average  rabbit 
and  rat  LD50  values . 

B.  Field  Studies. 

The  waters  of  Lakes  F  and  F-l  are  not  toxic  to  the  three  species 
tested.  Contained  in  these  materials,  however,  are  wetting  or  degreasing 
agents  that  wet  the  feathers  of  wildfowl,  resulting  in  their  losing  the 
ability  to  fly  and  the  increased  weight  could  cause  them  to  drown.  This 
situation,  may  account  for  a  portion  of  wildfowl  mortalities  in  both  lakes. 

V.  CONCLUSIONS . 

1.  The  solids  of  Lake  F  are  only  moderately  toxic,  but  the  solids 
of  Lake  F-l  are  very  toxic  to  th'e  three  species  tested.  Either  material 
would  present  a  serious  hazard  to  wildlife  feeding  along  the  lake  shores  or, 
ir.  the  case  of  ducks,  from  the  lake  bottoms.  Either  material  may  present  a 
hazard  to  unprotected  people  not  warned  of  the  potential  danger. 

2.  Based  on  these  tests.  Lake  F-l  materials  would  present  a  hazard 
to  wildlife  at  least  ten  times  greater  than'  that  of  Lake  F  materials. 


«» 
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1  (Deputy  Director  of  Medical  Research 

(Assistant  to  the  Director  of  Medi.  al  Research 
1  Chief,  Experimental  Medicine  Division,  Bldg.  3220 
1  Chief,  Physiology  Division,  Bldg.  3220 

1  Chief,  Toxicology  Division,  Bldg.  3220 

2  Chief,  Aerosol  Branch,  Bldg.  3220 

1  Chief,  Basic  Toxicology  Branch,  Bldg.  3220 

1  Chief,  Field  Toxicology  Branch,  Bldg.  3220 

1  Chief,  Vapor  Toxicity  Branch,  Bldg.  3220 

1  Chief,  Biophysics  Division,  Bldg.  31^0 

1  Chief,  Clinical  Research  Division,  Bldg.  3135 

3  Medical  Reporting  Office,  Bldg.  3220 

1  Chief,  Toxicity  Screening  Branch,  Bldg.  3220 
1  Chief,  Toxicological  Information  Center,  Bldg.  3220 
1  Director,  USA  CBR  Operations  Research  Croup,  Bldg.  4585, 

Edgevood  Arsenal,  Maryland  21010 

1  Liaison  Office,  Naval  Unit,  Bldg.  1675,  Edgevood  Arsenal,  Maryland 
1  Commanding  Officer,  US  Army  Edgevood  Arsenal,  ATTN:  SMUEA-EX, 

Edgevood  Arsenal,  Maryland  21010 

1  Technical  Clearance  Section,  Technical  Release  Branch,  CRDL,  Elug.  '3350 

1  Publications  Section,  Technical  Releases  Branch,  CRDL,  Bldg.  3330 

1  Mail  and  File  Record  Center,  CRDL,  Bldg.  3330 

1  Commandant,  US  Army  CBR  ’Weapons  Orientation  Course,  ATTN:  Captain 
Joseph  W.  McNaney,  MC,  Dugvay  Froving  Ground,  Dugway,  Utah  84022 
1  Commanding  Officer,  ATTN:  STEDP-SD,  Dugvay  Proving  Ground,  Dugvay, 

Utah  84022 

1  Commanding  General,  US  Army  Medical  R&D  Command,  Office  of  the 
Surgeon  General,  Washington,  D.  C.  20315 
1  Colonel  G.  W.  Johnston,  US  Army  Medical  R&D  Command,  Office  of  the 
Sturgeon  General,  Washington,  D.  C.  20315 
1  Surgeon  General,  Department  of  the  Army,  Main  Navy  Building 
Washington,  D.  C.  20315 

1  Commanding  Officer,  US  Army  Ficatinny  Arsenal,  ATTN:  Technical 
Library,  Dover,  Nev  Jersey  07801 
1  US  Army  Combat  Developments  Command  Liaison  Officer,  US  Army 

Munitions  Command,  US  Army  Picatinny  Arsenal,  Dover,  Nev  Jersey  07801 
1  Commanding  General,  USA. Combat  Developments  Command,  ATTN:  CDCMR-U, 
Fort  Belvoir,  Virginia  22060 
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1  .  Commanding  General,  UFA  C~"bcx  Develop::,:- nts  C;':  .  'jnd,  CAG,  Fori 

Leavenworth,  Kansas  86027 

1  Commanding  Officer,  USA  Combat  Developments  Command,  CBR  Agency 
Fort  McClellan,  Alabama  36  20  5 

1  Commandant,  US  Army  Chemical  Center  and  School,  ATTN:  Training 
Media  Division,  Fort  McClellan,  Alabama  3^205 

1  Commanding  Offic  er,  US  /a rap1’  Reeky  Mountain  Arsenal,  ATTN:  S'URM-A-MD, 
Denver,  Colorado  80240 

1  Public  Health  Service  Liaison  Office,  Fort  Patrick,  Frederick, 

Maryland  21701 

2  Medical  Field  Service  School,  Brooke  Army  Medical  Center,  ATTN: 

Stimson  Library,  Fort  Sam  Houston,  Texas  78234 

1  Commandant,  FOR:  MEDEW-ANW,  ATTN:  Security  Control  Officer, 

Medical  Field  Service  School,  Brooke  Army  Medical  Center, 

Fort  Sam  Houston,  Texas  78234 

1  Chief,  Technical  Services  Division,  National  Library  of  Medicine 
8600  Wisconsin  Avenue,  Bethesda,  Maryland  20014 

5  Dr.  D.  F.  Downing,  Defence  Research  Staff/TW  British  Embassy, 

3100  Massachusetts  Avenue,  N.W.,  Washington,  D.C.  20008 

6  Canadian  Liaison  Officer,  (CBR),  Bldg.  5101,  Edgewood  Arsenal, 

Maryland  21010 

5  Australian  Array  Staff  (w),  ATTN:  Lt.  Col.  P.  D.  Yonge, 

2001  Connecticut  Avenue,  N.W.,  Washington,  D.  C.  20008 

1  Lt.  Thomas  Petersen,  Program  Coordination  Office,  Bldg.  3330 
Edgewood  Arsenal,  Maryland  21010 

2  Director  of  Engineering  and  Industrial  Services,  Bldg  1570, 

Edgewood  Arsenal,  Maryland  21010 

2  Commanding  Officer,  US  Army  Rocky  Mountain  Arsenal, 

Denver  30,  Colorado 


